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Infection  by Cryptosporidium  serpentis  is one  of  the  most  important  diseases  in  reptiles  and
is characterized  by chronic  clinical  or  subclinical  infection  and  the  presence  of  hypertrophic
gastritis,  food  regurgitation,  progressive  weight  loss,  mortality,  and  intermittent  or contin-
uous shedding  of  oocysts  in  the  feces.  The  objectives  of this  study  were  to standardize  an
indirect enzyme-linked  immunosorbent  assay  (ELISA)  to  detect  antibodies  against  C. ser-
pentis  and  to  evaluate  the  clinical,  parasitological,  and  humoral  immune  response  in  snakes
naturally infected  with  C. serpentis.  Twenty-one  snakes  naturally  infected  with  C.  serpentis
and  housed  at  the  Butantan  Institute,  São  Paulo,  Brazil,  underwent  clinical  and  parasitolo-
gical analyses  for C. serpentis  infection  through  daily  records  of  clinical  signs  and  a  monthly
survey  of fecal  shedding  of  oocysts  using  the  Kinyoun’s  acid-fast  staining.  The  serologi-
cal  evaluation  was  performed  monthly  by indirect  ELISA  using  crude  total  antigen  from
oocysts  of C.  serpentis  to  detect  anti-C.  serpentis  antibodies.  Clinical  symptoms  consisted  of
food regurgitation,  inappetence,  and  progressive  weight  loss.  The  parasitological  analysis
revealed intermittent  fecal  shedding  of a variable  number  of  oocysts  in all snakes,  with
positivity  in  85.32%  (157/184)  of  the  samples.  The  indirect  ELISA  was  positive  in  68.25%
(86/126)  of the  samples.  A  humoral  immune  response  was  observed  in  most  animals;  how-
ever,  ﬂuctuating  antibodies  levels,  leading  to  alternating  positive  and negative  results,  were
observed  in  most  snakes.. Introduction
Infection with Cryptosporidium serpentis in snakes is
haracterized by chronic clinical or subclinical infection
nd the presence of hypertrophic gastritis, accompanied
y weight loss and mortality (Brownstein et al., 1977).
In chronic gastric cryptosporidiosis, there is continuous
r intermittent shedding of oocysts, which can last for years
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(Cranﬁeld and Graczyk, 1994). The most common clinical
signs are inappetence, postprandial regurgitation, lethargy,
progressive weight loss, and midbody swelling (Godshalk
et al., 1986; Carmel and Groves, 1993; O’Donoghue, 1995;
Ramirez et al., 2004; Xiao et al., 2004a).
Cryptosporidiosis in snakes is of the utmost importance
for ophidian collections because it can be lethal and deci-
mate the entire population. The lack of effective treatment
for cryptosporidiosis almost always results in euthanasia of
the infected snakes, which often leads to the loss of valuable
animals in a collection (Carmel and Groves, 1993).
To develop measures to prevent and control infection
by C. serpentis, information is needed on the evolution of
ary ParaP.R.S.O. Paiva et al. / Veterin
its clinical signs, shedding of oocysts, and the serological
response in naturally infected snakes. Studies that evaluate
the serological response of snakes facing infection by infec-
tious agents are rare; the only study on detecting antibodies
against C. serpentis in snakes was performed by Graczyk and
Cranﬁeld (1997).
The goal of the present project is to provide a clinical,
parasitological, and serological evaluation of snakes natu-
rally infected with C. serpentis, with the aim of providing
information for the diagnosis and control of cryptospori-
diosis in ophidian collections.
2. Materials and methods
2.1. Snakes
Twenty-one snakes (six genera and six species) natu-
rally infected with C. serpentis, and donated to the Butantan
Institute in São Paulo, Brazil, were used (Tables 1 and 2).
Before being transferred to the Butantan Institute, they
were zoo-housed in an open enclosure. Snakes were known
to be infected with C. serpentis by screening for oocysts in
fecal samples using the Kinyoun’s acid-fast staining fol-
lowed by nested polymerase chain reaction (nested PCR)
to amplify a partial fragment of 18S rRNA gene (Xiao et al.,
2000) and sequencing of ampliﬁed fragments. During the
experiment, snakes were kept individually in snake cages
with corrugated cardboard and a pot of water, in a room
with artiﬁcial lighting and heating, and monthly fed with
rats or mice provided by the Central Vivarium of the Butan-
tan Institute.
2.2. Clinical and parasitological evaluation
The clinical evaluation was conducted daily for all ani-
mals to observe any physical or behavioral changes. Body
weight was measured at the beginning of the experi-
ment and every six or 12 months, unless an animal died
(Tables 1 and 2).
The parasitological assessment was conducted in all
the animals. One hundred eighty-four fecal samples were
collected at approximately one-month intervals for 12
months, unless an animal died (Tables 1 and 2). The samples
were strained with folded gauze, centrifuged at 1500 × g
for 10 min, and stained using the Kinyoun’s acid-fast stain-
ing, which was also used to stain smears of regurgitated
material. The snakes that died during the experiment were
weighed and underwent necropsy.
The species of Cryptosporidium that were present in
fecal samples were identiﬁed at the beginning and end
of the experiment. For molecular identiﬁcation, genomic
DNA was extracted from 200 mg  of fecal samples using the
QIAamp DNA Stool Mini Kit (Qiagen, Valencia, CA, USA),
according to the manufacturer’s protocol after an initial
step of freezing and thawing in liquid nitrogen 5 times, fol-
lowed by nested PCR (Xiao et al., 2000) and sequencing of
the ampliﬁed fragments.sitology 198 (2013) 54– 61 55
2.3. Serological evaluation
The humoral immune response against C. serpentis was
evaluated in 12 snakes through an indirect enzyme-linked
immunosorbent assay (ELISA), with 126 serum samples
obtained after monthly blood collection for 12 months,
except in the animals that died (Table 1).
The indirect ELISA was standardized using an anti-
gen produced from oocysts of C. serpentis, chicken IgY
anti-snake gamma  globulins, and peroxidase-labeled rab-
bit anti-chicken IgY conjugate (Sigma, Saint Louis, MO,
USA).
To obtain the antigen, the stool samples or regurgitation
content from the snakes naturally infected with C. serpentis
were collected and preserved in 2.5% potassium dichro-
mate at 4 ◦C. The species of Cryptosporidium was classiﬁed
using nested PCR (Xiao et al., 2000) and sequencing the
ampliﬁed fragments. The samples were diluted in Tween
20 (0.1%), strained with sieves with decreasing porosity
up to 36 m,  puriﬁed by centrifugation in Percoll gradi-
ents (Abassi et al., 2000), resuspended in 1.75% sodium
hypochlorite for 15 min, and centrifuged at 12,000 × g for
3 min. The sediment was resuspended in distilled water,
homogenized in a vortex, and centrifuged at 12,000 × g for
3 min; this step was repeated ﬁve times to remove the
sodium hypochlorite.
The oocysts were diluted in PBS pH 7.2, stored at 4 ◦C,
quantiﬁed in a Neubauer chamber (7 × 106), and were lysed
by sonication for ﬁve 3 min  cycles in an ice bath. The total
protein in the solution containing the antigen derived from
lysed oocysts was  measured with a BCA1 kit (Sigma, Saint
Louis, MO,  USA).
The snake gamma  globulins were obtained from 10
snakes from the families Viperidae (three Bothrops jararaca
and three Crotalus durissus), Colubridae (two Pantherophis
guttatus), and Boidae (two Boa constrictor amarali), and
these snakes were housed in the Vivarium of Venom Pro-
duction of the Butantan Institute. They were negative for
Cryptosporidium spp. based on periodical screening of fecal
samples using the Kinyoun’s acid-fast staining and nested
PCR (Xiao et al., 2000). Three milliliters of blood was col-
lected once from each snake, forming a pool of serum from
different species.
The gamma  globulin fraction of the snake serum pool
was puriﬁed by precipitation with 45% ammonium sul-
fate and centrifuged at 7000 × g for 30 min. The resulting
sediment was diluted in PBS, pH 7.2, transferred to a dial-
ysis membrane, and submerged twice in 0.025 M Tris–HCl
buffer, pH 8.8 for 18 h to remove excess ammonium sul-
fate (Hebert et al., 1973). The snake gamma  globulins were
quantiﬁed with the BCA1 kit (Sigma, Saint Louis, MO,  USA)
and yielded a solution of 30.26 mg/ml.
To produce chicken IgY anti-snake gamma globulin,
four commercial laying hens, from the Isa Babcock strain,
were inoculated intramuscularly four times with 100 g or
500 g of snake gamma  globulins (500 l of PBS containing
the gamma  globulins and 500 l of Freund’s adjuvant) at
10-day intervals. The ﬁrst inoculation was  conducted with
complete Freund’s adjuvant, and the other inoculations
were conducted with incomplete Freund’s adjuvant. Seven
days after the last inoculation, the chicken IgY anti-snake
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Table 1
Results from the indirect ELISA, from the semi-quantitative evaluation of fecal shedding of oocysts, body weight, and clinical signs in snakes naturally infected with Cryptosporidium serpentis.
Species of snake Snake
identiﬁcation
2011 2012
Apr  May  June Jul Aug Sep Oct Nov Dec Jan Feb Mar
Bothrops jararaca Bj1 ODa 0.051 0.068 0.094 0.096 0.000 0.058 0.066 0.069 0.070 0.122 0.106 0.031
OSb 4+ 3+r 4+ 3+r 3+ 4+r 4+ 3+ 2+i 2+i 2+ 3+w
Weight c 815 – – – – 800 – – – – – 700(−14.1)
Bj2  OD 0.031 0.033 0.054 0.002 0.004 0.006 0.003 0.013 0.083 0.006 0.031 0.159
OS  1+ –r –i 1+r 1+ 2+r 1+ 1+ 1+r 1+i –r 1+w
Weight 335 – – – – 310 – – – – – 260(−22.4)
Bj3  OD 0.061 0.060 0.095 0.039 0.038 0.010 0.056 0.024 0.159 0.015 0.045 0.038
OS  3+ 3+ 3+ 3+i 3+i 4+ 3+ 4+i 4+ 3+ 2+ 2+r
Weight 630 – – – – 680 – – – – – 680(+7.9)
Bj4  OD 0.021 0.021 0.037 0.032 0.012 0.000 0.049 0.164 0.011 0.035 0.091 0.000
OS  3+i 3+r 3+i 3+r 2+ 2+r 3+ 4+r 4+ 3+i 3+ 3+w
Weight 520 – – – – 480 – – – – – 405(−22.1)
Bj5  OD 0.038 0.032 0.024 0.036 0.020 0.019 0.000 0.037 0.015 0.067 0.065 0.066
OS  – 1+ – 2+r 1+ – –i 1+ 1+ 1+ 1+ 1+i
Weight 360 – – – – 380 – – – – – 385(+6.9)
Bj6  OD 0.033 0.000 0.020 0.048 0.000. 0.018 0.000 0.048 0.046 0.039 0.036 0.034
OS  1+ 1+ 2+i 2+r – 2+ 1+r – 1+ 1+r 2+ 1+a,w
Weight 355 – – – – 360 – – – – – 340(−4.2)
Bj7  OD 0.000 0.006 0.009 0.274 0.054 0.000
OS 2+ 3+r 2+ 1+ 3+r 2+r,w,d
Weight 580 – – – – 550(−5.2)
Bj8  OD 0.104 0.000 0.037 0.079 0.022 0.017 0.089 0.017 0.097 0.020 0.056 0.008
OS  2+ 2+r 1+ 2+ 2+ 3+i 2+r 1+ 2+r 3+ 3+ 2+i,w
Weight 755 – – – – 605 – – – – – 580(−23.2)
Epicrates c. cenchria Ecc1 OD 0.245 0.120 0.038 0.082 0.267 0.324 0.576 0.633
OS  3+ 2+r 2+r 3+i 3+ 2+ 3+i 3+w,d
Weight 820 – – – – – – 665(−18.9)
Pantherophis gutattus Pg1 OD 0.026 0.039 0.335 0.446 0.122 0.065 0.073 0.061
OS  2+r 4+ 2+ 3+r 3+r 4+ 5+i 5+d
Weight 430 – – – – 375(−12.8) – –
Pg2  OD 0.052 0.131 0.139 0.033 0.071 0.152 0.171 0.072 0.043 0.146 0.100 0.097
OS  4+ 4+r 5+ 3+r 2+ 4+r 5+ 3+i 4+r 2+ 2+i 3+w
Weight 690 – – – – 585 – – – – – 495(−28.3)
Python  regius Pr1 OD 0.158 0.004 0.016 0.008 0.020 0.022 0.116 0.020
OS  2+ 1+ –i 1+ 1+i 2+r 2+ 2+d
Weight 2245 – – – – 2390(+6.5) – –
Clinical signs observed: r: postprandial regurgitation; i: inappetence; w: weight los.
a Optical density in indirect ELISA. Positive samples (in bold): optical density greater than 0.023.
b Oocyst shedding: number of oocysts per ﬁeld at 1.000 X: −: negative; 1+: up to 5; 2+: 6 to 15; 3+: 16 to 30; 4+: 31 to 50; 5+, above 50.
c Determination of body weight, in grams, at selected periods. Values between parentheses mean percentage of loss or gain of weight.
d Death.
P.R
.S.O
.
 Paiva
 et
 al.
 /
 V
eterinary
 Parasitology
 198 (2013) 54– 61
57
Table 2
Results from the semi-quantitative evaluation of fecal shedding of oocysts, body weight, and clinical signs in snakes naturally infected with Cryptosporidium serpentis.
Species of snake Snake identiﬁcation 2009 2010
Aug Sep Oct Nov Dec Jan Feb Mar  Apr May  Jun Jul
Eunectes murinus
Em 01 OSa 1+i – –i –r 1+w,c
Weightb 1615 – – – 1520(−5.9)
Em  02 OS –i –i 1+i,w,c
Weight 1008 – 990(−1.8)
Em 03 OS –i 1+i 1+ – 1+r – –r 1+i –w,c
Weight 1030 – – – – – – – 920(−10.7)
Em  04 OS 1+i 2+i 2+i 2+w,c
Weight 1470 – – 1420(−3.4)
Em  05 OS 1+i 1+i –w,c
Weight 975 – 950(−2.6)
Pantherophis gutattus
Pg 03 OS 2+r 2+i 3+ 3+ 2+i 2+r 3+r 3+ 3+w,c
Weight 565 – – – – – – – 320(−43.4)
Pg  04 OS 4+ 4+r 2+ 2+ 1+i 1+i 2+r 1+ – –i 1+ –i,w,c
Weight 1225 – – – – – – – – – – 795(−35.1)
Epicrates c. cenchria
Ecc02 OS 2+r 2+ 1+ – 2+r 2+ 3+ 2+ 2+c
Weight 835 – – – – – – – 845(+1.2)
Boa  c. amarali
Bca 01 OS 1+i –i –r 1+r,w,c
Weight 2425 – – 2250(−7.2)
Clinical signs observed: r: postprandial regurgitation; i: inappetence; w: weight loss.
a Oocyst shedding: number of oocysts per ﬁeld at 1.000 X: −: negative; 1+: up to 5; 2+: 6 to 15; 3+: 16 to 30; 4+: 31 to 50; 5+: above 50.
b Determination of body weight, in grams, at selected periods. Values between parentheses mean percentage of loss or gain of weight.
c Death.
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amma  globulins was puriﬁed from the yolks of two  eggs
rom each bird using the Pierce® Chicken IgY Puriﬁcation
it (Thermo Fisher Scientiﬁc, Waltham, MA,  USA) accord-
ng to the manufacturer’s instructions. In the eggs from
ens inoculated with 500 g or 100 g of snake gamma
lobulins, the yield after puriﬁcation was 5.9 mg/ml  and
.52 mg/ml, respectively. The reactivity of chicken IgY anti-
nake gamma globulins was veriﬁed through SDS-PAGE
nder denaturing conditions and Western blotting.
The indirect ELISA was standardized in Costar®
icrotiters plates, model 3690 (Corning, New York, NY,
SA), using the serum from 10 snakes positive for C.
erpentis (four P. guttatus, two B. jararaca, two  B. constric-
or amarali and two Epicrates cenchria cenchria) and 10
nakes negative for Cryptosporidium spp. (the same snakes
hat were used to obtain gamma  globulin for producing
hicken IgY), the chicken IgY anti-snake gamma globulin,
nd the peroxidase-labeled rabbit anti-chicken IgY con-
ugate (Sigma, Saint Louis, MO,  USA). The standardized
ilutions were 1:400 for snake serum, 1:300 for chicken IgY
nti-snake gamma globulin, and 1:5,000 for peroxidase-
abeled rabbit anti-chicken IgY conjugate.
The reactions were conducted in the following condi-
ions: microtiter plates were coated with 50 l of 0.05 M
arbonate buffer, pH 9.6, with antigens of C. serpentis
10 g/ml) and incubated at room temperature overnight.
he plates were washed four times with a phosphate
uffered saline with 0.05% Tween 20 (PBS-T) and then
locked for 1 h at room temperature with 150 l 10% fetal
ovine serum/PBS (PBS-FBS). After blocking, the plates
ere washed with PBS-T. An additional 100 l snake serum
as added to each well, diluted at 1:400 in PBS-FBS with
.05% Tween 20 (PBS-T/FBS), and the plates were incubated
or 60 min  at 30 ◦C. After incubation, plates were washed
our times with PBS-T, and 100 l of chicken IgY anti-snake
amma globulin, diluted 1:400 in PBS-T/FBS, was added to
ach well, followed by incubation for 30 min. After another
ash with PBS/T, an additional 100 l peroxidase-labeled
abbit anti-chicken IgY conjugate, diluted 1:5,000 in PBS-
/FBS, was added. After 60 min  at room temperature, the
lates were washed four times with PBS/T and received
00 l of o-phenylenediamine (OPD), in a buffer contain-
ng sodium phosphate, citric acid, and hydrogen peroxide.
he reaction was blocked with the addition of 50 l 16%
ydrochloric acid. The optical density was evaluated using
n automatic microplate reader iMARK (Bio-Rad, Hercules,
A, USA) and analyzed using the Microplate Manager 6W
rogram (Bio-Rad, Hercules, CA, USA) at a 490 nm wave-
ength. The samples were analyzed in duplicate, and a blank
all reagents except the snake serum) and positive and neg-
tive controls were added to all plates.
.4. Data analysis
The proportion of agreement between the microscopy
nd indirect ELISA was determined by calculating the
appa coefﬁcient (Pereira, 1995).The cut-off value deﬁned by the indirect ELISA was cal-
ulated based on the ROC (receiver operator characteristic)
urve, using the average optical density from 10 posi-
ive and 10 negative samples for Cryptosporidium spp. Thesitology 198 (2013) 54– 61
correlation between the optical density of the indirect
ELISA and the oocyst elimination score in feces was esti-
mated by Spearman’s correlation analysis (p < 0.05). Both
statistical tests were accomplished using GraphPad Prism
5 software (GraphPad Software Inc., La Jolla, CA).
2.5. Nucleotide sequence accession number
The nucleotide sequence generated in this study was
submitted to the GenBank database under the accession
number KF240618.
3. Results
All animals showed clinical signs of infection, character-
ized by chronic and intermittent postprandial regurgitation
and lack of appetite. Thirteen animals died, and 17 ani-
mals showed weight loss ranging from 1.8 to 43.4%
(Tables 1 and 2). The snakes (Pg04 and Pg03) with the
most severe weight loss had fat and skeletal muscle atrophy
(cachexia).
Oocyst shedding in feces was observed in all snakes,
intermittently in some snakes and in all periods examined
for most of the snakes. There was signiﬁcant variation in the
quantity of oocysts in feces; even in periods without clini-
cal signs, a large quantity of oocyst shedding was observed
(Tables 1 and 2).
The macroscopic lesions observed were edema, mucosal
thickening, hyperemia, and the presence of mucous or
mucopurulent exudate in the gastric lumen. In all animals
that died, oocysts of C. serpentis were observed in gastric
mucosa smears using the Kinyoun’s acid-fast staining.
3.1. Serological evaluation
Through SDS-PAGE and Western blotting, we observed
that chicken IgY anti-snake gamma  globulin was reactive
against the puriﬁed gamma globulins from the pool of
snake serum. Fragments of molecular weight similar to
those weights described for snake IgY were observed, with
whole or fragmented molecules corresponding to approx-
imately 173.4, 57, 51.5, 37.3 and 22.6 kDa. Fragments were
also observed that suggested the presence of other gamma
globulins, particularly IgM, as either whole or fragmented
molecules (Akita and Nakai, 1993; Hassl, 2005).
Through the ROC curve analysis, the deﬁned cut-off
point was an optical density of 0.023, resulting in 90%
sensitivity and 70% speciﬁcity. In all animals, the same
intermittence that was observed for oocyst elimination
was  also observed for the antibody titers, with alternating
periods of negativity and positivity with an extremely vari-
able level of antibodies. In some animals, negativity was
observed in the serology, even in the presence of clinical
signs or oocysts in fecal samples (Table 1). The Spearman’s
correlation showed a positive correlation between the level
of antibodies and the score of oocyst shedding in the fecal
samples (r = 0.3549, p < 0.0001).In samples from the animals that were examined
with both techniques, the microscopy and indirect
ELISA were positive, respectively, for 92% (116/126) and
68.25% (86/126) of the samples (Table 1). The Kappa
ary ParaP.R.S.O. Paiva et al. / Veterin
coefﬁcient indicated regular concordance (0.31) between
the two tests. When considering all the animals exam-
ined by microscopy (Tables 1 and 2), a positivity of 85.32%
(157/184) was observed.
4. Discussion
The clinical signs observed in this experiment, charac-
terized by their chronic nature, postprandial regurgitation,
and progressive weight loss, are similar to those described
by several authors (Godshalk et al., 1986; Carmel and
Groves, 1993; O’Donoghue, 1995). Although already
related in snakes infected with C. serpentis (Godshalk et al.,
1986; Carmel and Groves, 1993), midbody swelling was  not
observed, as reported by Cranﬁeld and Graczyk (1994).
The mortality observed is common in snakes that are
chronically infected with C. serpentis (Godshalk et al., 1986;
Carmel and Groves, 1993; O’Donoghue, 1995). It is not pos-
sible to say that C. serpentis is the primary cause of the
snakes’ death because research concerning other etiologi-
cal agents was not performed. Therefore, the presence of
concomitant infections cannot be ruled out (Brownstein
et al., 1977).
During the course of cryptosporidiosis in snakes, inter-
mittence and variation in the number of oocysts shed in
fecal samples are common (Graczyk et al., 1996b; Karasawa
et al., 2002; Sevá et al., 2011), even in symptomatic ani-
mals. Tables 1 and 2 indicate that most animals presented
intermittent shedding of various quantities of oocysts in
feces.
Molecular identiﬁcation of the species of Cryptosporid-
ium present in the snakes’ fecal samples was conducted at
the beginning and end of the experiment. However, this
analysis was not performed in the rodents that were fed to
the snakes, which makes it impossible to say with certainty
that the oocysts observed by microscopy were not from the
species of rodents and eliminated passively. However, all
the snakes were demonstrably infected with C. serpentis,
and the snakes that were used for serum collection with-
out antibodies against Cryptosporidium spp. were negative
when examined by microscopy and nested PCR, despite
having been fed with rodents from the same vivarium.
The snakes developed a humoral immune response
against C. serpentis, and antibodies were detected in 86
of 126 serum samples from animals that were proven to
be positive for C. serpentis. There was also a ﬂuctuation
in antibody titer and, in some cases, a lack of humoral
response in some animals. It was not possible to deter-
mine the causes of ﬂuctuation in the level of antibodies
against C. serpentis due to lack of information regarding the
immunological response against gastric cryptosporidiosis,
particularly in snakes. Some reports indicate that there is
seasonal variations in reptiles’ immune response, either as
inate or adaptive (humoral and cellular), as described in
turtles (Zimmerman et al., 2010) and snakes (El Ridi et al.,
1981; Kobolkuti et al., 2012).
Zapata et al. (1992) also related alterations in the
immune system of amphibians, reptiles, and ﬁsh to envi-
ronmental factors, including photoperiod, temperature,
season, and species. However, the variations in the level of
antibodies observed in this experiment do not follow anysitology 198 (2013) 54– 61 59
pattern related to the seasons, and the animals were kept
in a controlled temperature environment.
Another factor that can be related to variation in the
level of antibodies is stress in captivity, which predisposes
snakes to infectious diseases (Grego, 2000). The deprivation
of liberty, the impossibility of efﬁcient thermoregulation,
and animal handling, including weighing, gastric lavage,
and blood collection, interfere with the immunological
system of reptiles due to the increased serum level of cat-
echolamines and glucocorticoids (Lance and Lauren, 1984;
Dauphin-Villemant and Xavier, 1987; Grassman and Hess,
1992; Mondal and Rai, 2002; Roy and Rai, 2004). After being
transferred to Butantan Institute snakes were faced with
stressful situations like housing in cages and a new environ-
ment which, coupled with handling, probably triggered an
adrenocortical response (Grego, 2006), immunosuppres-
sion, and a fall in antibody levels.
Graczyk and Cranﬁeld (1997) also observed a humoral
immune response through indirect ELISA in naturally
infected snakes. Among the 26 samples examined, 19
were positive through indirect ELISA, and 17 were positive
through microscopy; however, only one blood sample was
collected, which makes it difﬁcult to compare these results
with the results from this experiment.
The classes of immunoglobulin that were detected by
indirect ELISA were not determined because the chick-
ens were immunized with total gamma  globulins from
snakes that were puriﬁed by ammonium sulfate precipita-
tion, which resulted in chicken IgY against all snake gamma
globulins. The humoral immune response of snakes are
similar to that of mammals, with an initial production of
IgM followed by IgY production (Coe et al., 1976). For tests
that have the goal of detecting exposure to the parasite,
independent of the evolution of infection, it is important
that the diagnostic method can be used during any phase
of the infection. Because snakes generally develop antibod-
ies approximately 30 days after inoculation (Salanitro and
Minton, 1973; Coe et al., 1976), the animals from this exper-
iment were most likely infected at least one month before
the ﬁrst blood sample.
It remains to be determined if the infection with
Cryptosporidium varanii in snakes results in intestinal or
gastric epithelial colonization and elicit antibody produc-
tion (Pavlasek and Ryan, 2008). There are few descriptions
of Cryptosporidium sp. infection in the intestinal epithelium
in snakes and evidence of enteritis (Brower and Cranﬁeld,
2001; Richter et al., 2008). Oocysts of other species that are
ingested together with food, such as C. muris, C. parvum,
and C. tyzzeri,  do not colonize the gastrointestinal epithe-
lium of snakes and, most likely, do not elicit the production
of antibodies.
Even if the indirect ELISA exhibits cross-reactivity due
to the presence of immunogenic epitopes common among
different species of Cryptosporidium (Graczyk et al., 1996a;
Teixeira et al., 2011; Borad et al., 2012), it is unlikely
the antibodies detected were produced against a species
other than C. serpentis, because infection by Cryptosporid-
ium in snakes with clinical signs or evidence of epithelial
parasite colonization is caused almost exclusively by C.
serpentis in the stomach (Ramirez et al., 2004; Graczyk,
2008).
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The collection of at least ﬁve to seven fecal samples,
nd screening for Cryptosporidium oocysts by microscopy,
s the most commonly recommended method for diag-
osing cryptosporidiosis in snakes (Graczyk and Cranﬁeld,
996). However, depending on the species of snake, there
s at least a 30-day interval to obtain fecal samples, and
he species of Cryptosporidium present in feces can only be
etermined by molecular biology techniques (Xiao et al.,
004b). Based on the results in this experiment, we suggest
hat, to implement a control program for cryptosporidio-
is in snake facilities, indirect ELISA could be used as a
creening test, owing to the ease of collecting and availabil-
ty of blood samples, with later conﬁrmation by molecular
dentiﬁcation of the species of Cryptosporidium in fecal
amples. However, ﬂuctuation in antibody levels should be
aken into account.
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